Background: The number of requests to pre-hospital emergency medical services (PEMS) has increased in Europe over the last 20 years, but epidemiology of PEMS interventions has little be investigated. The aim of this analysis was to describe time trends of PEMS activity in a region of western Switzerland. Methods: Use of data routinely and prospectively collected for PEMS intervention in the Canton of Vaud, Switzerland, from 2001 to 2010. This Swiss Canton comprises approximately 10% of the whole Swiss population. Results: We observed a 40% increase in the number of requests to PEMS between 2001 and 2010. The overall rate of requests was 35/1000 inhabitants for ambulance services and 10/1000 for medical interventions (SMUR), with the highest rate among people aged ≥ 80. Most frequent reasons for the intervention were related to medical problems, predominantly unconsciousness, chest pain respiratory distress, or cardiac arrest, whereas severe trauma interventions decreased over time. Overall, 89% were alive after 48 h. The survival rate after 48 h increased regularly for cardiac arrest or myocardial infarction. Conclusion: Routine prospective data collection of prehospital emergency interventions and monitoring of activity was feasible over time. The results we found add to the understanding of determinants of PEMS use and need to be considered to plan use of emergency health services in the near future. More comprehensive analysis of the quality of services and patient safety supported by indicators are also required, which might help to develop prehospital emergency services and new processes of care.
Background
Pre-hospital emergency medical services (PEMS) were historically established in European countries in the early 1980 (Germany, Spain, Scandinavia), based on previous experiences in Belfast [1] , the USA [2] and France [3] . One main difference between US and European PEMS is the presence of physicians in most European PEMS, impacting therefore on ambulance system organization and on-site medical strategy. Detailed activities of PEMS were previously described [4] [5] [6] [7] [8] [9] . Usually, the descriptive characteristics of PEMS organisations imply operational indicators. Clinical parameters and treatment options are proposed to better describe PEMS activity, of whom patient immediate outcomes [10] . However, benchmarking of quality indicators are not easy to achieve, due to the multitude of PEMS organisations all over the world [11] [12] [13] . The number of validated indicators is limited, mainly focusing on specific pathologies, but not on system-wide process evaluation [14] [15] [16] . Some indicators are nevertheless useful and could be easily documented throughout the prehospital patient pathway, thus allowing external benchmarking [17, 18] .
The number of requests to PEMS has increased in Europe over the last 20 years [19, 20] . A three-fold increase in the number of calls to PEMS was observed in Paris over 10 years [3] , with a two-fold increase in hospital emergency admissions, inducing longer waiting times in both services. Among reasons given to explain this trend are the growth and ageing of population, a limited access to primary care physicians, and a wider public awareness of specific health problems (e.g. implementation of a single emergency call number, campaigns on stroke or acute myocardial infarction). Moreover, the hypothesis that the observed trend might be due to a parallel increase in the number of inappropriate calls was not confirmed, showing therefore a limited misuse of the system [21] . Little is known about the epidemiology and evolution of a European PEMS over more than 10 years. Only limited data on specific medical topics or only some parts of the system were investigated [22, 23] . There is however an important medical, policy, and public health interest to analyze the activity and trends of the whole PEMS concept, including the emergency call center, the pre-hospital emergency ambulances and physicians' response, as well as the admission of the patients into the hospital emergency network [22] .
The main aim of this analysis was to describe the time trends of all requests to PEMS in a region of western Switzerland from 2001 to 2010. Secondary objectives were to describe PEMS interventions, and to analyse trends of a selection of processes and results indicators over time to characterize PEMS activity.
Methods

Study design and population
This study was based on data routinely and prospectively collected for each PEMS request in the Canton of Vaud, Switzerland, from January 2001 to December 2010. This Swiss Canton (Canton de Vaud) is located in the western French-speaking part of Switzerland, has an area of 3′ 212 km2, and a population that has grown from 621′784 to 708′177 between 2001 and 2010, representing approximately 10% of the whole Swiss population.
Description of the state PEMS
Since 2001, the PEMS include a unique emergency call center (ECC), 23 emergency ambulances, a rescue helicopter and 8 physician-manned emergency resuscitation vehicles. The ECC is staffed by trained nurses or paramedics, using a specific keyword-based dispatch protocol. Ambulances are staffed with fully trained paramedics and constitute the initial response of the PEMS. Primary interventions include on-site and at-home emergencies, whereas secondary interventions include urgent inter-hospital transfers. Primary interventions are classified by the ECC in three priority categories, according to the potential severity of the situation: P1 (life-threatening emergencies, requiring immediate ambulance response with use of lights and sirens), P2 (health-threatening situations, using light and sirens if necessary) and P3 (non-emergency situations which nevertheless require an ambulance intervention and a transport to a hospital). Pre-hospital emergency physicians may be sent by ECC simultaneously on site by ground (8 emergency resuscitation vehicles, called SMUR) or by air (one rescue helicopter). They are engaged specifically in the case of cardiac arrest, major trauma, respiratory distress, coma or other life-threatening emergencies, or secondary at the request of the ambulance's paramedics on site. Emergency physicians' interventions may be cancelled by paramedics when they arrived first on site and faced a non-emergency situation.
Patients are transported to one of the seven regional hospitals of the Canton, or the University Hospital of Lausanne (CHUV), depending on the severity of the pathologies and the proximity of the hospital. The CHUV, a 1500-bed university hospital located in Lausanne, is considered the primary hospital for its immediate catchment area, but it also serves as the Level 1 Trauma and Burn center and tertiary reference hospital for the Canton.
Databases and variables
Any request to PEMS is made through the 144 telephone number of the ECC, in charge of PEMS resources management, using an electronic decision-support system (DSS). This system is based on algorithms taking into account the types and reasons of the interventions (e.g., road accident, fall, medical problem), and of a list of keywords describing the patient's clinical situation (e.g., coma, dyspnoea, chest pain, haemorrhage). For each emergency call, a record is automatically created in the DSS database. Among the total number of calls, some could be withdrawn by the rescuers immediately or once on the scene (e.g., in the case of a person who finally left the scene, or who was told unconscious instead of asleep). An identification number is assigned for actual interventions and a set of regulation data are collected. It comprises characteristics of the caller, chronological data, type of situation and keywords, potential severity of the patient's situation according to the NACA score [24] , PEMS resources engaged, patient's name, age, and gender. Each resource engaged (ambulance, emergency physician, rescue helicopter) completes a medical report, from which data was recorded afterwards in distinct resource-specific databases. Ambulance reports comprise regulation data, evaluation of the patient on site (severity, life-saving measures), and action undertaken (e.g. hospital transport, call of the SMUR, person not conveyed to the hospital, or death on site). SMUR and helicopter reports contain the chronology of the intervention and eventual reasons for delays (entrapment), regulation data, life-saving measures, treatments and procedures on site, transport indications and immediate outcome of the patient at time of hospital admission; the confirmed diagnosis and immediate outcome are prospectively collected after 48 hours. The recorded data is in agreement with the Utstein recommendations for uniform reporting of cardiac arrest, major trauma and with the Uniform PEMS Data Conference [25] [26] [27] [28] . Each consecutive month, a complete PEMS dataset of each intervention is entered by a unique data manager in a central data registry, with a copy provided to the Institute of social and preventive medicine (IUMSP). IUMSP is in charge of performing the descriptive analyses ordered by the canton, and presented in this study.
Variables were patient's gender and age (<16, 17-49, 50-79, > = 80), types of intervention (primary or secondary), priority level (P1, P2 or P3), category of phone appellant (family, bystander, physician, nurse, ambulance, patient, police, fireman), NACA score (1 to 7), types and reasons of the intervention (accident, fight, medical problem, fire or toxic spill, other), ECC keywords, place of intervention (home, public place, school or workplace, hospital or private practice, sport area, other). Duration and delays were recorded for ambulance, and for SMUR interventions. For SMUR interventions, additional medical data were also recorded, comprising the final diagnosis and outcome at 48 hours. Process and systemrelated quality indicators were defined according to the proposed definitions of the Joint Commission on Accreditation of Healthcare Organisation. They include time to start (duration in minutes from alarm to start of the vehicle), time to response (duration in minutes from alarm to arrival of the vehicle on scene) and duration on scene (duration in minutes from arrival to departure of vehicle from the scene). Survival to hospital admission and at 48 hours after admission was calculated per year for all documented interventions and at 48 hours after admission for interventions related to specific medical diseases (cardiac arrest, myocardial infarction, stroke, pulmonary embolism, asthma, COPD, sepsis).
Statistical analysis
Descriptive cross-tables with number and rates or percentages were obtained for all variables according to years when PEMS interventions were performed. We assumed independency for all, even if it was not possible to guarantee this assumption because working on an anomymised database. Patients could have used PEMS more than once. However, we hypothesized that, due to the low frequency of these situations among the large number of cases included, this had a negligible impact on the results. All analyses were performed with STATA 12.1.
Ethical aspects
The copy of the central data registry provided by the canton to the Institute of social and preventive medicine (IUMSP) is anonymous. The investigators were thus unaware of the identity of the persons for whom PEMS was engaged during the period of the study. The study protocol was submitted to the Ethical Committee of the University of Lausanne, Canton of Vaud, as well as to the Health Care authority of the canton, who both agreed to the study. As agreed by the Ethical Committee, this study was performed on anonymously collected or anonymised health-related data, therefore there was no need of written informed consent from individual patients (Federal Act on Research involving Human Beings, Art. 2).
Results
Description of PEMS interventions
An increase (Figure 1 ) in the number of calls to the 144 ECC was observed between 2001 and 2010. A total of 21′160 calls were recorded in 2001, as compared to 29′ 593 ten years later, representing a 39.8% increase of calls. A similar evolution was observed for PEMS interventions during that period, with a rate per 1000 inhabitants increasing from 34 to 39 (Table 1 , denoting the setting up of the system. Most of the calls to the ECC were made during day-time (7 am-7 pm: 62%), without any difference according to the day of the week. In 2001, calls from bystanders/witnesses and physicians had a similar proportion (30%); over years however, physicians calls decreased to 13.4% in 2010.
Medical aspects
All together, interventions were more frequently requested for medical problems (66% over the study period), especially for coma, chest pain, or respiratory distress ( Table 2) PEMS: prehospital emergency medical services; SMUR: emergency physicians sent simultaneously onsite; **The NACA Score is divided into 7 categories: NACA 0 (no injury), 1 (slight injury, no medical intervention required), 2 (light-to-moderately heavy injury, ambulatory medical clarification necessary), 3 (heavy, but not life-threatening injury or illness, stationary treatment necessary, and frequently also local emergency medical measures), 4 (heavy injury, for which the short-term development of a life threat cannot be excluded), 5 (acute lethal danger), 6 (resuscitation), 7 (death). Ambulance/SMUR -/11(7) -/11(7) 11(6)/11(7) 11(6)/11(7) 12(6)/11.5(7) 11(6)/11(7) 11(6)/11(7) 13(7)/12 (8) 17(8) Age > =80 22 (20) 22 (21) 22 (21) 22 (21) 23 (21) 23 (22) 23 (22) 23 (22) SMUR Age <16 17 (14) 15 (13) 17 (14) 19 (16) (20) 22 (20) 20 (20) 20 (19) 23 (20) 23 (21) 23 (21) Age > =80 20 (19) 21 (20) 20 (19) 21.5 (21) 21 (21) 20 (20) 20.5 (21) 22 (21) 22 (21) 22 (21) % of time on scene > 20 min 
Evolution of process indicators over time
The proportion of missing reports, assessable for SMUR interventions only, varied between 4.3% and 9.6% of all interventions over time, according to the SMUR team and region of activity. Ambulance interventions were cancelled after engagement in 3% of the cases, with a proportion who remain stable over years (2.5% in 2003 vs. 3.1% in 2010). The interventions time to start was stable during the study period for the SMUR with a mean < 5 minutes but slightly increased for the ambulances, especially since 2008 (Table 3 ). An increased trend of time to response was observed over years, especially for ambulances. It was mainly due to longer time for the travel to the scene. Mean duration on the scene was generally higher than 20 minutes for ambulances, except for paediatric patients (mean: 17 min), and was longer for people ≥ 80 years old. The mean duration of SMUR interventions (i.e. from call to availability for a new intervention) increased during the period of observation (38.5 to 43 min). For ambulance, mean duration of interventions also increased, but higher for elderly (+11 min) compared to adults (+7 min) or paediatric patients (+6 min).
48-hours patients' outcome for PEMS interventions
The proportion of people alive and out of hospital after 48 h remained stable over years around 37% (Table 4) . This proportion was higher among patients suffering from a psychiatric problem (70%). Around 3% of people alive were not brought to hospital, a proportion which remained constant over years. Overall survival after 48 h remained constant over years (87.6 to 89.2%). However, when related to specific pathologies, survival after 48 h regularly increased in case of cardiac arrests (+10.6% 
Discussion
In this study, a 40% increase was observed in the number of requests to PEMS between 2001 and 2010 in a 700′000 inhabitant Swiss Canton. The overall rate of requests was 35 per 1000 inhabitants for ambulance services and 10 per 1000 for medical interventions (SMUR), with the highest rate among people aged 80 and above. Most frequent reasons for the intervention were related to medical problems, with a predominance of unconsciousness, chest pain, respiratory distress or cardiac arrest situations, whereas severe trauma interventions decreased over time. Overall, 89% were alive after 48 h.
In accordance with previous studies, these results confirm an increasing rate in PEMS requests and interventions [4, 19, 21] . Rate of request to PEMS was higher in the Canton of Vaud compared to Baden-Wuerttemberg, but the use of prehospital emergency services increased by year in the same proportion (16.2 to 19.9 per 1000 inhabitants per year between 2004 and 2008) [29] . The proportion of elderly patients requesting PEMS was comparable to other European studies [29] . The highest rate and the highest increase in PEMS requests and interventions are noticeable among people aged 80 and above, with a predominance of medical non-traumatic problems. These results are most likely related to demographic changes and to the gradual ageing of the Swiss population, leading to increasing PEMS interventions for elderly patients, especially those aged 80-89 [8, 30] . For these patients, situations related to the decline of general conditions or specific care impossible to be provided at home also increased, thus contributed to the observed evolution [31, 32] . These results are in accordance with previous publications and might indicate that new care Values are numbers and percentages.
pathways or supports need to be devised in the future for this specific population, in order to prevent overwhelming requests to PEMS and unnecessary transport to the hospital [33, 34] . Further investigations using a mixed qualitative and quantitative approach would probably provide policy options, to better predict the future development of the use of PEMS. The decrease in the number of primary care physicians and nursing home medical directors is another potential factor, influencing the rising rate of direct request to pre-hospital emergency medical services for these elderly patients [35] . Outcomes indicators could be measured for overall situations or specific medical pathologies. In terms of pathologies, overall injuries were decreasing, indicating possible changes in the epidemiology of trauma, particularly in the context of traffic accident prevention. The rates of myocardial infarction and their evolution over the time were similar with the Messelken study [29] . The mortality after myocardial infarction decreased regularly during the study period. The same was observed for cardiac arrest, but the success rate for cardiovascular resuscitation (CPR) was higher in our, possibly due to differences in definition or patients characteristics [29] . One explanation might be related to the optimization of the inhospital treatment of those pathologies and therefore to their better prognosis. The evolution of the CPR guidelines and the implementation of national CPR campaigns may also have had an impact on the increase in survival after cardiac arrest. The general trend we observed will have to be confirmed in the following years; similar analyses are also needed in other regions or countries using the same PEMS organisation to assess the generalisability of those findings. A reduction in the number of patients who were not hospitalized at all was also perceptible. This might indicate a change in medical strategies on scene for less severe problems, or increased knowledge of the medical team for discriminating the severity of situations. This result goes in the direction of making a more appropriate management, with an indirectly cost-effective strategy. To assess the appropriateness of requests to PEMS for these situations, we might however perform a closer monitoring of quality indicators, to be defined, over years. Rates of cancelled missions stratified by age groups could for example help to quantify requests for "false" emergencies [6] . Nevertheless, our results contribute to emphasize the need to have an adequate and efficient health activity monitoring of the prehospital information system. This study indicates that routine prospective collection of prehospital emergency interventions and monitoring of activity was feasible and successful over time in the Canton of Vaud. Even in the case of data collection through different databases, a picture of the activity over 10 years could have been drawn showing that the trends observed were similar than those previously reported. This was true for overall observations and taking account of the different PEMS existing in the World, and aforementioned restrictions for comparability of the systems. Documentation and reporting was larger for medical SMUR interventions, taking account of sets of variables described as fixed or optional [17, 25, 36] . This led to the possibility of measuring outcomes indicators for patients 48 h after the intervention. Quality of the reporting was very good for the set of ambulance data, and improved over years for SMUR datasets. Reporting rates were observed to be team and region dependent. Quality of data collection, however, improved generally over years which could be directly attributed to teams, as uniformity of data entry was assumed by a unique person moving in all intervention sites.
Our study and data collection have some limitations. The main was the non ability to link all three databases properly. The health information system must evolve to provide the information needed to measure, analyze, and understand the use of emergency services in order to improve their management and thus their effectiveness and efficiency. We will be able to address this limitation in the future as a uniform data collection is planned to be performed. Better matching of data would help to assess the appropriateness of use of ambulances and SMUR interventions. The evolution of the professions, trainings, diagnosis strategies and treatments are also important elements, contributing to the evolution and the improvement of PEMS performance. The respective contribution of each of these elements could not be evaluated in our study.
Conclusion
A thorough analysis of existing and future data shall allow a better understanding of some determinants of the evolution of the use of emergency health services. More comprehensive analysis of the quality of services and patient safety supported by indicators are required. Coupled with additional assessments such as interviews or focus groups, they might help to develop pre-hospital emergency services and new processes of care.
